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Intervertebral disc degeneration (IVDD) is a leading cause of lumbar spine-
related low back pain, a disease of wide prevalence causing an enormous
societal burden in Hong Kong and worldwide. The principal components of
intervertebral discs are the nucleus pulposus (NP) and the annulus fibrosus. In
normal discs, ECM in NP is comprised of high concentration of proteoglycans
(PGs) intertwinedwith a well-organized collagen network. PGs are the critical
component of ECMand aremade of long, aggregated glycosaminoglycan (GAG)
chains attached to core and link proteins. ECM degradation begins during early
IVDD. PGs and collagen fibers gradually disintegrate, with their fragments
then detaching from the ECM and becoming mobile. Over time, these ECM
macromolecular fragments slowly leak out of the disc, causing an overall PG
reduction in the NP. Eventually, osmotic pressure declines and water absorp-
tion diminishes, leading to disc dehydration, morphological changes and
impaired biomechanical properties.
Magnetic resonance (MR) provides the most comprehensive means for
IVDD assessment. At present, all available MR methods detect pathophysi-
ological changes that develop considerably after the onset of ECM degrada-
tion. Although IVDD is a slow process that almost certainly evolves over
decades, clinical IVDD diagnoses at present predominantly are made only at
a late and irreversible stage. Therefore, there is a pressing clinical need to
develop new imaging strategies for early detection of IVDD. Moreover, new
IVDD treatments, now in development, will need improved imaging methods
that characterize IVDD at molecular and microstructural levels to assess
their efficacy in both preclinical and clinical settings.
Diffusion MR is a powerful non-invasive tool for probing tissue microstructure.
Molecular diffusion is sensitive to changes in molecule size and microstructural
characteristics. As ECM degrades during the early stage of IVDD, PGs and
collagen fragments become more mobile. The gel-like NP has low cellular
density, providinga relativelyunrestrictedwater space for thediffusionof these
macromolecular fragments. GAGs and some collagen degradation components
are also highly hydrophilic. Therefore, we hypothesized that diffusion MR
spectroscopy (MRS) would allow us to measure the increased mobility of these
macromolecular fragments by detecting their increased diffusivities.
In this study, we have developed a new diffusion MRS approach and applied
this method to a papain-induced bovine IVDD model at 7T. Our results
demonstrate for the first time that diffusion MRS can detect the gradual
disintegration of collagen and PG in the NP during early IVDD by measuring
their increased diffusivities, offering an unprecedented possibility to probeECM integrity directly and non-invasively. Further development of this new,
non-invasive MR method will provide a sensitive imaging capability for both
preclinical and clinical investigation of IVDD. It may contribute to early
detection and management of clinical IVDD, to better assessment of
candidate therapies for IVDD, and to an improved understanding of the
molecular and microstructural basis of IVDD.
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